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Experimental conditions for kinetic experiments on Ti0.04Ce0.96O2 nanorods catalyst. S1 S1 S1 S1---- S1 S1 S1 S1----3 3 3 3 Initial rate with different catalyst loading (g): Pressure 1.0 MPa; temperature 140℃; CO2 gas flow 11.2 mL min -1 (0.5 mmol min -1 ); methanol liquid flow 40.5 uL min -1 (1.0 mmol min -1 ); time on stream 2 h. * The Ti0.04Ce0.96O2 nanorods were calcined in air under 600 o C for 4h. Table S  Table S  Table S  Table S2 . Kinetics study of the initial rate of DMC production with different CO2 and methanol feeding based on ER ER ER ER mechanism mechanism mechanism mechanism with the combination of MeOH* MeOH* MeOH* MeOH* and CO CO CO CO2 2 2 2 rate controlling. Thus, it is easy to work out the change of enthalpy and Gibbs free energy with the following information.
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3) 2MeOH
(Eq.1) (Eq.2)
As shown above, it is an exothermic reaction under standard conditions (∆rH298K = -27.90 kJ/mol < 0).
Meanwhile, the change of Gibbs free energy (∆rG298K = +26.21 kJ/mol > 0) suggests the reaction nonspontaneous at conditions of normal pressures and 298K.
In addition, if we assume the Cp of all substances is constant within 273～400 K, we can calculate the value of ∆rH and∆rG under a higher temperature based on the Kirchhoff's law (as shown in Eq.3).
(Eq.
3)
It reveals that the heat effect decreases with the temperature rises. The changing of Gibbs free energy, a function of temperature, can be written in Gibbs-Helmholtz equation (as shown in Eq.4).
(Eq.4) Eq.5, the integral of Eq.4, shows that ∆rGT increases as temperature elevating. Thus, high temperature is thermodynamically unfavorable for direct synthesis of DMC.
(Eq.5)
The dependence of temperature on ∆rG is shown in Figure S10 .
Assuming CO2 is ideal gas and the volume change (∆V) of this reaction is approximates to -Vg, we can write the changing of Gibbs free energy in the equation shown in Eq.6 at a certain temperature (T).
(Eq.6) Then Eq.7 can be calculated by integrating Eq.6 at certain temperature.
(Eq. 7)
When T > 298 K, ∆rG(T) > 0. Then we can draw a conclusion that the raise of pressures is profitable when keep temperature constant.
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Figure S10
The dependence of temperature on ∆rG. 
